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TREATMENT OF CHEMICAL WA.STP 
This invention relates to the treatment of toxic and/or environmentaUy 
hazardous or harmful materials and more especiaUy to the treatment of 
exhaust gases arising ftom various chemical processes. 

The chemical processing industry in general generates vast quantities of 
by-products and waste materials many of which represent environmental 
hazards and which must be neutralised or desti-oyed as an essential part of 
their ultimate disposal. The oil and gas processing industries, for example, 
invest heavily in plant and equipment designed specifically to prevent or 
minimise the release of harmful largely organic materials into tiie 
environment. The microelectronics and semi-conductor device manufacturing 
industiies for example make similar investinents in order to scrub or 
otiierwise ti-eat exhaust gas streams containing generally inorganic materials 
from chemical processing units prior to tiie release of those exhaust gases into 
the atmosphere. Compounds containing heavy metals and halogen-, sulphur-, 
phosphorus- and nitrogen- containing compounds can be especially toxic and 
their removal is the subject of a considerable amount of technical research and 
of much environmental protection legislation. 

In many cases even dUute solutions or suspensions of such hazardous 
materials cannot be legaUy discharged. For example, tiie legal limit for 
aqueous HF discharge can be as low as 3 ppm. Nevertheless, huge quantities 
of not only HF but also other aqueous acids such as HCl, HNO3 and H2SO4 
continue to be generated by tiraditional scrubbing and other absorption 




2 

S}^tems. The discharge of such aqueous acids therefore involves the use of 
eaormous cuantities of fresh water to restrict acid concentration. For 
example, a closed loop scrubbing system for absorbing HF from an exhaust 
gas, operating at a recirculation rate of 25 1/min, will generally consume about 
5 6 l/min of ±esh water in order to maintain fluoride ion concentrations at an 
scceptably ".ow level in the recirculating water. This discharge concentration 
cm be as high as 4C00 ppm in which case significant further dilution or 
rrsatment "^ill be necessary. 

Ion e."?chaxige techniques offer an alternative route for the capture and 

10 . eventual disposal of many toxic and other hazardous materials. However, 
—any ion exchange materials are insufficiendy selective to be truly efficient. 
Additionalh.-. an ion exchange material that is loaded with captured ions must 
be regenerated by back-washing which in turn involves the use of further 
potentially zazardous chemical species. 

15 A more recent development is that of a technique known as 

electrocheciical deioinsaticn which is described in European Patent No. 
C680932. Briefly, that technique involves the use of a combination of an 
electrochemcal cell sad an ion absorbing material in which ions captured on 
tie absorb-ng material are transported through that material under the 

20 influence c: an applied electric field to emerge in an eluate zone whence they 
removed. That procedure appears to have a good efficiency but is 
cescribed iz the context of the solution to be treated making only a single.pass 
trough the electrochemical deionisation device. 
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The present invention seeks to provide a method which is capable of 
continuously removing anionic and/or cationic species from an aqueous 
solution circulating in a closed loop system, such as that referred to above 
incorporating a gas scrubbing unit, without the need for regeneration or other 
chemical or physical revitaUsation of the separation medium. 

This is achieved by means of the invention by continuously flowing an 
aqueous solution containing anions and/or cations derived from a gaseous 
exhaust system and present in a closed loop circulation system including the 
gas scrubbing unit, over one surface of a water permeable layer of an ion 
absorbing material while applying an electrical potential across the thickness 
of that layer. 

Accordingly, the present invention provides in a first aspect a method 
for the treatment of gaseous chemical waste which comprises the steps of: 

continuously circulating water through an essentially closed loop 
incorporating a gas scrubbing unit and an ion absorption unit comprising a 
water permeable layer of an ion absorbing material; 

feeding exhaust gas or a reaction product diereof to the gas scrubbing 
unit for dissolution in the circulating water thereby to form an aqueous 
solution containing ionic species derived from the exhaust gas; 

continuously passing the circulatmg water over one surface of the layer 
of ion absorbing material in the ion absorption unit while applying an 
electrical potential across the thickness of that layer and removing from the 
ion absorption unit via the other surface of that layer a more concentrated 



aqueous solution of the ionic species; and 

continuously adding to the closed loop a quantity of water 
corresponding to the quantity of aqueous solution of the ionic species 
removed from the ion absorption unit. 

The present invention provides also in a second aspect apparatus for use 
in carrying out such a method, comprising 

an essentially closed loop circulation system containing a gas scrubbing 
unit and an ion absorption unit comprising a water permeable layer of an ion 
absorbing material and means for enabling an electrical potential to be applied 
across the thickness of that layer; 

a piunp for continuously circulating water around the closed loop; 

an inlet for exhaust gas or a reaction product thereof into the gas 
scrubbing unit: 

an inlet for water into the closed loop circulation system; and 

an outlet for a concentrated aqueous solution of ionic species from the 

ion absorption unit. 

The apparatus may include also within the closed loop circulation 

system one or more heat exchangers and/or filters, hydrocyclones and similar 

devices lo remove from the circulating solution any particiilate/suspended 

solid marter. 

The exhaust gas is the gaseous efQuent or by-product(s) from any 
production procedure and the safe disposal of which or of a component of 
which is to be achieved. If the exhaust gas or the relevant component thereof 
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is in a form suitable for dissolution in water and for subsequent treatment 
according to the method of the invention, then preliminary treatment of the 
exhaust gas may be unnecessary. For example, when the exhaust gas itself 
contains oxides of phosphorus, the gas scrubbing unit serves to effect 
dissolution of those oxides of phosphorus to produce aqueous phosphates 
and/or phosphites. 

In the alternative, when the exhaust gas contains water-insoluble 
materials such as fluorocarbons or CFCs. it will be necessary to employ a 
combustor. plasma reactor or other reaction unit in order to convert those 
water-insoluble materials into water-soluble fomi. Fluorocarbons, for 
example, may be converted into HF in this manner, and HF dissolves readily 
in water in the gas scrubbing unit to generate hydrofluoric acid. 

The ion absorbing material serves to capture the ions of interest and is 
preferably an ion exchange material such as an ion exchange resm in the fomi 
of particles or beads. The particles or beads of the resin are preferably in a 
coherent form, that is to say they are not mobile or loose, but are constrained 
in a predetemiined configuration. For example, the particles or beads may be 
bound together with a binder or held between layers of a mesh or membrane, 
so as to be permeable to the aqueous solution containing the ions. The 
electrical potential which is applied across the thickness of the layer of ion 
absorbing material serves to drive the captured ions through the ion absorbing 
material from the surface at which they are captured, i.e. the surface in contact 
with the flow of aqueous solution containing the ions, to the opposite surface 



from which the ions are eluted. The electrical potential may be generated 
torn, a pair of electrodes arranged to form an electrolysis cell or by any 
dtemarive arrangement, for example in the form of an electrophoresis cell. 

It has been found that using the method and apparatus according to the 
invention, it is possible to effect continuous separation of anions and/or 
cations within a closed loop circulation system such as that used for gas 
scrubbing, without any need for regenerating or periodically replacing the ion 
absorbing material. The efficiency of the method and apparams will depend 
irpon the nature of the ion absorbing material and of the ion or ions to be 
captured, liie concentration of the ion or ions in the solution and other factors 
Fach as flew rares and electrical potential but initial indications are that ion 

extraction rates of up to 98% per pass can be achieved. 

With such high extraction rates, the removal of acid cations such as F, 

SO4-' and NOs" will have a dramatic effect upon improving the service life of 

-Jie equipment in the circulation system, such as pumps, meters, valves and 

baffles. 

The niethod of the invention is applicable to a wide variety of cationic 
species such as sulphate, sulphite, nitrate, nitrite, phosphate, phosphite and 
zaiides, thai is to say fluoride, chloride, bromide and iodide, as well as anionic 
species, especially metals and more especially heavy metals. 

The invention does, however, have particular applicability to fluoride 
such as that generated as a by-product of the semi-conductor manufacturing 
industry and which produces aqueous hydrofluoric acid as a result of reaction 
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foUowed by dissolution in a gas scrubbing unit. 

It has unexpectedly been found that the ions stripped from the aqueous 
solution in the method of the invention do no re-enter the aqueous circulation 
stream that continues to flow across the surface of the ion absorbing material. 
This is an especiaUy important feature of the invention since although the gas 
scrubbing operation wiU generally be carried out on a continuous basis, the 
acid content of the gas entering the scrubber may be variable and may often 
be totaUy absent. This means that the fluoride ion content of the water 
passing across the surface of the ion absorbing material is correspondingly 
variable. The fact that the captured ions are transported away from the 
surface of the ion absorbing material under the influence of the applied 
electrical potential removes those ions from being resolubilised by the water. 
This represents a significant improvement in ion absorption efficiency. 

Compared to the example given above of a closed loop gas scrubbing 
system resulting in aqueous HF operating at a recirculation rate of 25 1/min 
and consuming about 6 I/min fresh water, a similar system incoxporaring the 
features of the present invention has been shown in initial trials to be capable 
of achieving up to a 30-fold reduction in the fresh water requirement. 

The invention is described below in greater detail by way of example 
only with reference to the accompanying drawings, in which: 

Fig. 1 is a schematic representation of a closed loop recirculation gas 
treatment apparatus known firom the prior art; 

Fig. 2 is a schematic representation of a closed loop recirculation gas 
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tFeannent apparatus according to the invention; and 

Fig. 3 is a schematic representation of an example of an electrochemical 
cell which may be used in the apparatus shown in Fig. 2. 

Referring to the drawings, in Fig. 1 there is shown a schematic 
representation of a conventional gas treatment unit for exhaust gases from a 
semi-conductor device manufacturing plant. The exhaust gases may contain 
many and varied species including halogen-, phosphorus-, silicon- and boron- 
coniaining compounds. The exhaust gases or the products of their 
preliminary reaction, for example HF in the case of flourine-containing 
compounds, enter the gas scrubbing unit 3 through line 4 where they are 
brought into intimate contact with water entering through line 2. Line 2 forms 
part of a closed loop circulation system 1 which includes a pump 5 for the 
forced circulation of water around the loop, together with a line 6 through 
which aqueous HF can be drained from the system and a line 7 through which 
corresponding amounts of fresh water may be admitted to the loop. The 
circulation system 1 may also include one or more other conventional items, 
for example filters, hydrocyclones, heat exchangers, meters, gauges and 
val%es. The gas scrubbing unit 3 will contain packing, bafQes, cyclones 
and/'or similar means, to optimise liquid/gas surface contact in order to 
promote dissolution of gas in the aqueous liquid; such scrubbing technology is 
well known in the art and does not need to be separately described here. 

In an example of conventional operation, 200 slpm of an exhaust gas 
containing 2,000 seem C2F6 is stoichiometrically converted into HF (12,000 



seem HF) which enters the gas scrubbing unit 3 through line 4 and contacts 
water entering through line 2 at a rate of 25 l/min and is dissolved in that 
water. Up to 400 ppm HF will usually be dissolved in the aqueous stream in 
this way although concentrations as high as 4000 ppm HF can be achieved by 
higher input gas flows and prolonged recirculation of the liquid. 
Undissovlved gas is typicaUy discharged from the scrubber to the atmosphere. 
Fresh water is admitted to the loop through line 7 at a rate of 6 l/min and 
aqueous acid is withdrawn through line 6 at a corresponding rate. The 
withdrawn acid will have a HF content dependent upon gas input and will 
present serious problems of disposal. 

Referring now to Fig. 2, the system shown is in accordance with the 
invention and is generally similar to that shown in Fig. 1 in that the closed 
loop 1 includes a gas scrubbing unit 3 and a pump 5. In this case, however, 
the loop incorporates also an acid removal unit 8. An example of a suitable 
acid removal unit is described in greater detail below but in one trial was 
shown to be capable of generating 0.15 l/min (approximately 200 1/day) 
aqueous 0.73M HF from a continuous input at 25 slpm of 400 ppm HF giving 
a continuous liquid output at 11 ppm HF. As a consequence, the aqueous 
liquid entering the gas scrubbing unit contains much less dissolved HF, 
thereby rendering HF absorption in the gas scrubbing unit more efficient. 
Also, the HF concentration in the circulating liquid in the loop can be 
maintained at a lower level than hitherto, thereby improving the service life of 
the equipment. Moreover, the reduced volume of generated material, in this 
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case 0.73M hydrofluoric acid is usable as such and its disposal does not 
therefore present a problem. 

Turning now to Fig. 3 of the drawings, there is shown an example of an 
electrochemical cell suitable for incorporation into the closed loop of the 
apparatus shown in Fig. 2, for separating HP from the circulating acid 
solution. The cell is in fact very similar to that described in European Patent 
Nc. 0680932. referred to above. 

The electrochemical cell 10 shown in Fig. 3 of the drawings comprises 
an electrode assembly 11 and a housing 21 which together defme a 
ccrapartmen: 12. The electrode assembly 11 comprises a current feeder 13 in 
contact with an electrode contact 20 and is embedded in a permeable layer 14 
of particulare ion exchange resin bound together with a binder within a 
housing 15 and presenting fixjnt and rear surfaces 16 and 17. The rear surface 
1" is adjacent but slighdy spaced from a waU of the housing 15 which in turn 
includes a vent IS and an elution port 19. The housing 21 includes an inlet 24 
ari an outlet 25 for die circulating aqueous liquid and includes a counter 
electrode 26 in contact with an electrode contact 27. 

In order to remove fluoride and nitirate ions from the circulating liquid 
in -Jie closed loop system, the permeable layer 14 wiU include a weak anion 
e.xchange r«in. The circulating solution of fluoride and nitirate passes 
through con4>artinent 12 via the inlet 24 and outiet 25 and within the cell it 
contacts the front surface 16 of the ion exchange layer 14 and the counter 
electrode 26. An electric potential between the feeder 13 (anode) and the 



11 

» counter electrode 26 (cathode) generates HT at the feeder 13. Those hydrogen 
ions move towards the counter electrode 26 and interact with and activate the 
anion exchange resin in the layer 14. The fluoride and nitrate ions in the 
solution move into the layer 14 where they are adsorbed onto the activated ion 
exchange resin and in which they move under the influence of the appUed 
potential towards the rear surface 17. This enables more fluoride and nitrate 
ions to be adsorbed at the front surface 14 to permit continuous removal of 
those ions from the aqueous solution circulating through cell 10. Water from 
the solution also permeates the layer 14 and flows towards the rear surface 17 
whence it and the captured fluoride and nitrate ions collect to be removed 
through the elution port 19 as aqueous hydrofluoric/nitric acid. 



CLAIMS : 
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1. A method for the treatment of gaseous chemical waste which 
comprises the steps of: 

continuously circulating water through an essentially closed loop 
incorporating a g:as scrubbing unit and an ion absorption unit comprising a 
wirer permeable layer of an ion absorbing material; 

feeding exhaust gas or a reaction product thereof to the gas scrubbing 
unit for dissolution in the circulating water thereby to form an aqueous 
sciution containing ionic species derived jfrom the exhaust gas; 

continuously passing the circulating water over one surface of the layer 
of ion absorbing material in the ion absorption unit while applying an 
electrical potential across the thickness of that layer and removing from the 
icn absorption unit via the other surface of that layer a more concentrated 
acueotis solution of the ionic species; and 

continuously adding to the closed loop a quantity of water 
corresponding to the quantity of aqueous solution of the ionic species 
removed from the ion absorption unit. 

2. A method according to claim 1, wherein the exhaust gas or the 
reaction product thereof is fed continuously to the gas scrubbing unit. 



A method according to claim 1, wherein the exhaust gas or the 
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reaction product thereof is fed intennittently to the gas scrubbing unit. 

4. A method according to any one of claims 1 to 3. wherein the 
exhaust gas or the reaction product thereof contains HF and the ionic species 



5. A method according to any one of claims 1 to 4, wherein the 
exhaust gas or the reaction product thereof contains HCl and the ionic species 

is cr. 

6. A method according to any one of claims 1 to 5, wherein the 
exhaust gas or the reaction product thereof contains oxides of nitrogen and the 
ionic species is NO3". 

7. A method according to any one of claims 1 to 6, wherein the 
exhaust gas or the reaction product tiiereof contains oxides of sulphur and tiie 
ionic species is S04^'. 

8. A method according to any one of claims 1 to 7, wherein tiie 
exhaust gas or tiie reaction product tiiereof contains oxides of phosphorus and 
the ionic species is P04^'. 



Apparatus for use m carrying out tiie method of claim 1, 
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comprising 

an essentially closed loop circulation system containing a gas scrabbing 
unit and an ion absorption unit comprising a water permeable layer of an ion 
absorbing material and means for enabling an electrical potential to be applied 
across the thickness of that layer; 

a pump for continuously circulating water around the closed loop; 

an inlet for exhaust gas or a reaction product thereof into the gas 
scrubbing unit; 

an inlet for water into the closed loop circulation system; and 
an outlet for concentrated aqueous solution of ionic species from the ion 
absorption unit. 

10. Apparatus according to claim 9, which comprises also within the 
closed loop circulation system one or more heat exchangers, filters and/or 
hydrocyclones. • 
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